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Synthetic Directions in New Energetic Materials for Advanced Solid Rocket 

Propellants 

S. P. Velarde, L. F. Cannizzo, T. K. Highsmith, R. S. Hamilton, 

W. W. Edwards, R. M. Hajik, M. A. Dewey, 

B. A. Zentner, L. R. Huntsman 

Submitted in consideration for the Department of the Army Seventeenth Working Group 

Meeting on Synthesis of High Energy Density Materials 

Several programs are currently underway at Thiokol Propulsion which strive to 

meet or exceed the goals of the Integrated High Performance Rocket Propulsion 

Technology (IHPRPT) Program. The three major program efforts are: the completed 

Advanced Oxidizers and Fuels Program, in which was synthesized and evaluated a series 

of new ingredients for solid rocket propellants; the current Hybrid Fuel Program, which 

will produce fuels that complement the Tactical Hybrid Rocket Engine Applied 

Technology (THREAT) Program design and proposed advanced oxidizer; and the current 

Phase III Ingredient Program, which strives to identify novel, high performance, solid 

propellant ingredients for boost and orbit transfer applications. All three programs have 

already undergone down-selection from myriad of possible compounds to a much more 

workable number of candidates for synthetic consideration. 

Based on several factors including: 1) predicted performance of propellant; 2) 

expected safety properties, thermal stability, and ingredient compatibility; and 3) 



ease/cost of synthesis; several furazan based candidates were synthesized for the 

Alternate Oxidizers and Fuels Program. Five candidates have been targeted for route 

development in the Hybrid Fuel Program, and at least seven candidates are under 

investigation in the Phase III Ingredient Program. In the Alternate Oxidizers and Fuels 

Program aminonitrofurazan (ANF), diaminoazofurazan (DAAF), diaminoazoxyfurazan 

(DAAOF), dinitroazoxyfurazan, and dinitrobisfurazanopyrazine (PIPER) have all been 

synthesized from the common precursor diaminofurazan (DAF). The candidates for the 

Hybrid Fuels are: 4-amino-3,5-dihyrazino-l,2,4-triazole dinitramide (ADHTDN); 1- 

amino-3,5-dinitro-l,2,4-triazole (ADNT); octahydro-2,5-bis(nitroimino)imidazo[4,5- 

Jjimidazole (BNNII); 2,6-dimtraminospiro[3,3]heptane (SPIRO); and 

tetraazotetrafurazan oxide (TATFO). The Phase III Ingredient candidates include neutral 

compounds such as: l,3,3,5,7,7-hexanitro-l,5-diazacyclooctane (HCO); 1,7-diazido- 

2,4,6-trinitrazaheptane (DAHT); bis[l,l-(3,5-dinitro-l,2,4-triazolo)methyl] nitramine 

(NBDNT); l,9-diazido-2,8-dinitraza-5-methylazanonane (DATNN). In addition, several 

energetic salts remain as possible Phase III Ingredients, including: hydroxyguanidinium 

and some bis(oxyammonium)nitramine species. The synthesis and some of the relevant 

safety data of these compounds will be discussed. 
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